Due to the lack of the proper model-compound until 19701 the stereochemistry of A r b u s o v reaction was obscure. Resolution of enantiomeric isopropyl methylphosphinate and related compounds via stereospecific inclusion in cycloamyloses allowed to carry out the first succesfull synthesis of optically active organophosphorus P111 compounds with at least one ester group attached to phosphorus moiety1. Thus, optically active ethyl phenylphosphonate when treated with trimethylchlorosilane gave ethyl trimethylsilyl phenylphosphonite. Its alkylation with an excess of methyl iodide proceeds with high stereospecificity and with almost com plete retention of the configuration at the P atom.
Due to the lack of the proper model-compound until 19701 the stereochemistry of A r b u s o v reaction was obscure. Resolution of enantiomeric isopropyl methylphosphinate and related compounds via stereospecific inclusion in cycloamyloses allowed to carry out the first succesfull synthesis of optically active organophosphorus P111 compounds with at least one ester group attached to phosphorus moiety1. Thus, optically active ethyl phenylphosphonate when treated with trimethylchlorosilane gave ethyl trimethylsilyl phenylphosphonite. Its alkylation with an excess of methyl iodide proceeds with high stereospecificity and with almost com plete retention of the configuration at the P atom.
Similar conclusion was drawn by B e n t r u d e and H a r g i s 2 who used the only one geometric isomer of 2-methoxy-5-£erf-butyl-l,3,2-dioxaphosphorinan for the investigation of the stereospecificity of However, 2-methoxy-4-methyl-l,3,2-dioxaphosphorinans (1) which due to the presence of two centres of chirality at P and C-4 atoms can exist as cis-and £raws-isomers, were found to react with alkyl halides in the non-stereospecific way3. This observation was originally explained by S im p s o n as the result of the intermediacy of the product of a-addition of the alkyl halide to the starting phos phite, with the structure of trigonal bipyramid, which under experimental conditions undergoes pseudorotation or "permutational isomerisation"4, the process being responsible for the loss of stereo specificity of the whole reaction.
In spite of S im p s o n 's observation5 it was reported from this laboratory6 that under proper reaction conditions A r b u s o v reaction of isomeric cis-and trans-1 with elemental chlorine or bromine proceeds with full retention of configuration at the P atom.
Recently B. A . A r b u s o v et a l.1 have reported the results on stereospecificity of the reaction of 1 with methyl iodide. Both cis-and trans-2,4-dimethyl-2-oxo-l,3,2-dioxaphosphorinans (2) were prepared with full stereospecificity, but the tempe rature of reaction between 1 and methyl iodide was not allowed to arise above 50 °C. Catalytic amounts of methyl iodide were used for the initiation of the rearrangement of 1 into 2. Conformation of the resulting 2 was determined on the basis of dipolemoment data and IR spectroscopy.
Since independent studies on M i c h a e l i s -A r b u s o v and M i c h a e l i s -B e c k e r reactions leading to cis-and trans-28 were undertaken in this laboratory, we compared the results of mentioned studies7 with our structural determination of 2 based on X H and 13C NMR spectroscopic analysis and especially, spin-spin coupling constants through one bond be tween 13C and 31P nuclei. Our conclusions concerning cis-trans geometry assignment of 2 are in full agree ment with these drawn by A r b u s o v * .
However reaction of 1 with benzyl halides, which generally require more drastic conditions, proceeded in the non-stereospecific way. Even under more drastic conditions the yield of 2-benzyl-2-oxo-4-methyl-1.3,2-dioxaphosphorinans (3) was moderate and the product consisted of a mixture of both isomers with chemical shifts <53iP = -19 ppm and ^3iP = -24,5 ppm, in the ratio close to equimolar.
The ratio of isomers of 3 was determined from integrated 31P and 1H NMR spectra and both isomers were identified by means of gas-chromatography-mass-spectrometry. The isomer with ^31p = -19.0 ppm was isolated from reaction mixture as crystalline substance m.p. 119-120 °C. Second isomer, <53iP = -24,5 ppm was isolated as a highboiling oily liquid. The same compounds were obtained in M i c h a el i s -B e c k e r reaction of both cis-and £raws-2-hydro-2-oxo-4-methyl-l,3,2-dioxaphosphorinans (4) with benzyl iodide in the presence of equimolar amount of sodium hydride. The total yields were not higher than 64%, but depending upon the conditions, reactions were rather stereospecific. Thus starting from trans A the ratio of crystalline: liquid 3 was 9 0 : 1 0 . Reverse ratio was obtained when cis-4 was reacted with benzyl iodide. Physical data of both isomeric 3 are collected in Table I and 13C NMR spectra are tabulated in Table II .
It is important to note that in X H NMR spectra of both 3 the values of spin-spin coupling constants between phosphorus and protons of C-4 methyl group are the same (4J p _ h = 1 .9 Hz) and suggest equatorial disposition of C-4 methyl groups in both isomers9. The lower value of phosphoryl absorption in the IR spectrum of liquid isomer10 and lower absolute value of spin-spin coupling constant be- tween benzyl carbon and phosphorus atoms in 13C NMR spectrum of crystalline compound as com pared to that of liquid one11 allowed us to deter mine <rans-geometry for the crystalline-3 and cisgeometry for the liquid-3.
Because the relationship between absolute value of lJ p_iic and spatial orientation of aliphatic sub stituents has been checked on one above described case of pair of 2, it was necessary to carry out the additional experiments which would give another set of data on the validity of observed dependence 11 P-X ax 1 < ^e / p -X e q l * .
Thus we decided to synthesize both the 2-benzyl-2-seleno-4-methyl-l,3,2-dioxaphosphorinans (5) and to elucidate their geometries on independent way. Chemical correlation between corresponding isomers of 3 and 5 would offer an additional proof for correctness of cis-trans geometry assignments in fa mily of 2-chalcogen-2-benzyl-4-methyl-l,3,2-dioxaphosphorinans. Reaction of benzyldichlorophosphine12 and butandiol-1,3 in the presence of triethyl amine gave only £ra7£S-2-benzyl-4-methyl-1,3,2-dioxaphosphorinan (6) (only one peak in glpc and signal in 31P NMR spectrum at 03ip = -159 ppm were observed). I t was assumed that benzyl group, like other alkyl substituents13, prefers to occupy an axial position. Spectral characteristic included in Table II supports this determination. Of special value is spin-coupling between phosphorus and carbon-5 (4.4 Hz). I t is known that this coupling strongly depends on orientation of the lone pair at phosphorus and for cis-isomer 3Jp_cs was expected to be of order of 10 Hz14. Oxidation of 6 with tertbutylhydroperoxide was non-stereospecific (see Scheme I -route a). However, addition of elemental selenium to distilled 6 (the process which is known to proceed with retention of configuration15) gave a mixture of two 'isomers 5 with < 53i p = -92.0 ppm and <53ip = -97.0 ppm in the ratio 90:10 re spectively.
The isomers 5 were separated by column chro matography on Silica-gel (50-100 mesh). Physical and spectroscopic data of both pure 5 are included in Table I and II. In agreement with our expec tations, the order of absolute values of spin-spin coupling constants between phosphorus and carbon-13 and phosphorus and selenium-77 for the pair of diastereomeric compounds agrees with relationship I p x I ax < I p x I eq j X = 77Se, 13C. This allowed us to assign the configuration around the phos phorus atom of preponderant isomer of 5 as trans and the minor one as cis. Such determination is also consistent with the established empirical rule16, that stretching frequencies ( v p = s e ) of equatorial substituents are higher than those of their axial analogues.
Both cis-and trans-h were converted to 2-oxoderivatives 3 using hydrogen peroxide as the oxidizing agent. It was found in this laboratory17 that convertion ^P = S e -^ ^P = 0 , when P atom is involved in dioxaphosphorinanyl ring system is fully stereospecific and proceeds with re tention of configuration. * In the light o f our recent X -ra y structure determ ina tion o f diastereoisom eric 2 -ter<-butylamino-2 -seleno-4-m eth yl-l,3,2-d ioxap h osp h orin an s th is regularity w hen X = selenium -77 seem s to be w ell docum ented. W e believe, th a t in conform ationally non-labile com pounds th e structure in solid sta te and in solution in th e non-polar so lv en t is nearby th e sam e.
T. B a r t c z a k , A. C h r i s t e n s e n , R . K i n a s , and W . J. S t e c , m anuscript in preparation.
As it is shown in Scheme I trans-5 after treatment with H 2O2 gave exclusively trans-3. On the same way cis-5 was converted into cis-Z. It is worth wile to mention, that 31P chemical shift values for the ci's-isomers are lower than those for the transisomers. Although few exeptions were noticed9, in certain families of compounds chemical shift order can be used as tentative criterium of cis-trans geo-metry of diastereomeric pairs of phosphorus hetero cycles.
Inspection of the Table II shows the difference between 13C NMR spectra in both diastereoisomeric pairs of 3 and 5 . As earlier noticed by B o r i s e n k o et a l.18, vicinal coupling constants are of special interest due to their applicability to conformational studies of 2-oxo-l,3,2-dioxaphospborinanyl deriva tives. However, conclusions should be drawn very carefully, because the order of changes in values of l3J P _cs I and I3« / p _ c h 3 I when going from cis-to fraws-isomer does not depend only on the dihedral angle but also on the chemical surrounding of the phosphorus nucleus. In the case of 2-hydro-2-oxo-4-methyl-1,3,2-dioxaphosphorinans trans-isomer (equatorial both 2-oxygen and 4-methyl) l3Jp_c.5 1 has lower value (6.1 Hz) than that of cis-one (9.9 Hz)18, when opposite situation exists in the pair of 28, 3 and 5 (Table II) . Detailed discussion of 13C NMR spectra of the family of 4-methyl-1,3,2-dioxaphosphorinans will be published separately.
Although we were not able to perform of full conformational analysis of both pairs of 3 and 5 due to the complexity of their X H 90 MHz spectra, the determination of cis-trans geometry within those two pairs seems to be unambiguous. However, in the case of tran s-5 the chair-chair equilibrium in chloroform solution has to be considered due to the value of 4J p o c c h 3 (1 Hz suggests axial orientation of C4-methyl19) and lower than the average value of Zlt/pse ■ »/max (2-8% J11. Experimental All m.ps and b.ps are uncorrected, solvents and commercial reagents were distilled and dried by conventional methods before use. X H NMR spectra were recorded at 60 MHz with a Jeol C-60H spectro meter, equipped with Hetero-Spin-Decoupler JNH-SD-HC, with TMS as an internal standard. 31P NMR spectra were obtained on the same instrument operating at 24.3 MHz with external H 3PO4 or (PhO)3P as the reference. Negative chemi cal shift values are reported for compounds ab sorbing at lower fields than H 3P(>4. 13C NMR measurements were recorded on a Bruker-HX72 spectrometer using TMS as an internal standard. Mass spectra were obtained on a LKB-9000S spectrometer at 70 eV ionizing energy. Cisand £r<m.s-2-methoxy-4-methyl-l,3,2-dioxaphospho rinans were synthesized according to M i k o e .a j cz y k 20, trans-and cis-2-hydro-2-oxo-4-methyl-1,3,2-dioxaphosphorinans were obtained by N i f a n t i e v method21.
Reaction of tran s-2-methoxy-4-methyl-1,3,2-dioxaphosphorinan ( 1 ) with benzyl chloride. Trans-and cis-2-benzyl-2-oxo-4-m ethyl-l ,3,2-dioxaphosphorinans (3 )
The equimolar amounts (0.066 M) of 4 and benzyl chloride were heated together for 8 hours on the oil bath at 170 °C. Evaporation of volatile materials left an oil, which solidified upon standing in refrigerator, w-Pentane was added and crystals were filtered off (3.6 g) and recrystallized from ethyl acetate, m.p. 119-120 °C; < 33iP(CHCl3) = -19 ppm. Mass spectrum (direct inlet): Mol.ion 226 (26%); base peak 91; main peaks: 55, 91, 129, 135,144,172.
Elemental analysis: C11H 15O3P Calcd C 58,4 H 6.6 P 13.7, Found C 58.8 H 7.0 P 13.4.
(X H NMR, 13C NMR and IR data see Table I Distillation of the mixture allowed the seperation of fraction b.p. 82-84 °C/0.05, which contained 92% of cis-3 and 8% trans-3.
P reparation of cis-and trans-2-benzyl-2-oxo-4-m ethyl-l,3,2-dioxaphosphorinans (3 ) (M ichaelisBecker procedure)
To the solution of <m%«s-2-hydro-2-oxo-4-methyl-1,3,2-dioxaphosphorinan (0.1 M) in benzene (100 ml) sodium hydride (0.1 M) was added portionwise at temperature below 35 °C.
When evolution of hydrogen ceased, the solution of benzyl chloride (0.1 M) in benzene (30 ml) was added dropwise at room temperature and stirring was continued for 3 hours. Water (25 ml) was added and precipitated crystals were filtered off (5.2 g, m.p. 112-113 °C). Filtrate was washed with 5% HC1, 5% NaHC03 soln. and water and dried over an hydrous MgSC>4. Removal of solvent left an oil which solidified upon standing in refrigerator. Second crop of crystals was filtered off and combined with first fraction. Recrystallization from ethyl acetate gave trans-S, m.p. 119-120 °C, analytical data as described under 1). The yield of trans-3 42%. Oily residue was destilled under reduced pressure and fraction with 96-98 °C/0.1 (4 g) was collected.
31P NMR spectrum has shown the presence of cis-3 (86%) and trans-3 (14%). Total yield of both cisand trans-3 was 64%.
Synthesis of cis-and trans-2-benzyl-2-oxo-4-m ethyl-l,3,2-dioxaphosphorinans ( 3 ). M ichaelisBecker reversed procedure
To the solution of fraws-2-hydro-2-oxo-4-methyl-1,3,2-dioxaphosphorinan (4) (13.6 g, 0.1 M) and benzyl iodide (21.8 g, 0.1 M) in dioxane (150 ml) 0.1 M of sodium hydride was added portionwise at temperature below 35 °C. Stirring was continued for 3 hours. Precipitated sodium iodide was filtered off, solvent evaporated and residue was diluted with chloroform. The solution was washed with 5% HC1, 5% NaHCOß soln. and dried over anhydrous MgS04-Evaporation of solvent gave oily residue which partly solidified after standing in refrigerator. This residue consisted the mixture of both isomers of 3 in the ratio cis-3 to trans-3 = 10:90 (examined by means of 31P NMR). The total yield of both 3 was 45%. In the same manner starting from cis-2-hydro-2-oxo-4-methyl-l,3,2-dioxaphosphorinan (4) the mixture of isomers of 3 in the ratio cis-3 to trans-3 79:21 was obtained (the yield of both isomers 30%).
Synthesis of trans-2-benzyl-4-m ethyl-l,3,2-dioxaphosphorinan ( 6)
To the solution of benzyldichlorophosphine12 (<53ip = -180 ppm, 0.1 M, 19.3 g) in benzene (150 ml) the mixture of triethylamine (0.2 M, 20.2 g) and butandiol-1,3 (0.1 M, 9.0 g) was added at temderature below -f-10 °C. Stirring was continued for half an hour at room temperature. Triethylamine hydrochloride was filtered off and benzene was removed from the filtrate.
The crude product was distilled under reduced pressure, b.p. 75-78°/0.05. The yield 10.0 g (50%); = 1.5872, $3ip = -159 ppm (no other signals present in the spectrum).
Synthesis of 2-benzyl-2-seleno-4-m ethyl-l,3,2-dioxaphosphorinans (5)
To the solution of trans-2-benzyl-4-methyl-l,3,2-dioxaphosphorinan (4) (10.5 g, 0.05 M) in benzene (50 ml) the elemental selenium (4.0 g, 0.05 M) was added in small partions. Exothermic effect was observed. Reaction mixture was re fluxed for one hour with vigorous stirring. Unreacted selenium (25%) was filtered off, benzene was evaporated and crude product examined by 31P NMR revealing the presence of two compounds: <53ip = -92.0 ppm 1 H . P. B e n s c h o p a n d G. R . V a n d e r B e r g , Chem.
Commun. 1970, 1431. Elemental analysis for CiiHisC^PSe Calcd C 45.7 H 5.2 P 10.7, Found C 46.1 H 5.1 P 10.9.
Identified as trans-5.
Reaction of cis-and trans-2-benzyl-2-seleno-4-m ethyl-l,3,2-dioxaphosphorinans (5) w ith hydrogen peroxide
Hydrogen peroxide (1 ml of 30% H 2O soln.) was dropped to the acetone solution of cis-or trans-5 (0.5 g, 0.002 M), respectively. Immediate precipita tion of elemental selenium was observed. Selenium was filtered off (yield 100%), acetone evaporated and residue solved in C H C I 3 . Examination by means of 31P NMR has shown that from trans-5 exclusively trans-3 and from cis-5 only cis-3 were obtained. 
